Abstract Quantum anomalous Hall (QAH) effect is a quantum Hall effect that occurs without the need of external magnetic field. A system composed of multiple parallel QAH layers is an effective high Chern number QAH insulator and the key to the applications of the dissipationless chiral edge channels in low energy consumption electronics. Such a QAH multilayer can also be engineered into other exotic topological phases such as a magnetic Weyl semimetal with only one pair of Weyl points. 
the Planck constant and e is the elementary charge) without the need of external magnetic field. [1, 2] The dissipationless edge channels of QAH insulators have long been proposed to be used as interconnects in integrated circuits to reduce the enormous energy consumption in massive data transfer. [3] This concept has become realistic since the experimental realization of QAH effect in a magnetically doped (Bi,Sb) 2 Te 3 topological insulator (TI). [4] So far, all the experimentally achieved QAH materials have a Chern number C=1, namely, with only one chiral edge channel at each edge. [4] [5] [6] [7] [8] [9] The applications in low energy-consuming interconnects prefer QAH systems carrying as many edge channels as possible.
The reason is that although electron transport on a chiral edge channel is dissipationless, dissipation does occur at its contacts to the current electrodes which are known as "hot spots". [10, 11] The contact resistance at the hot spots cannot be reduced to below h/e 2 , a limitation set by the quantum transport theory. [12] The resistance limit is inversely proportional to the number of parallel chiral edge channels between the electrodes and therefore can be reduced in high Chern number QAH insulators. However, a high Chern has not been realized in experiment so far. It is possible to obtain high Chern number 2 QAH phase in a magnetically doped (Bi,Sb) 2 Te 3 , but it would require a complex band structure and a smaller magnetic gap which means a lower QAH temperature. [11] A more straightforward way to construct a high Chern number QAH system is by stacking several C = 1 QAH films into a multilayer structure decoupled by a normal (topologically trivial)
insulator film inserted between adjacent QAH layers. Actually, such a multilayer not only acts as an effective high Chern number QAH insulator but probably hosts other exotic topological phases. For example, in a QAH multilayer, by tuning the inter-and intra-layer electronic coupling, one can drive it into a magnetic Weyl semimetal carrying one pair of Weyl points. [13] Coulomb interaction might induce novel quantum phenomena in a QAH bilayer, just as it induces exciton condensation and
Coulomb drag in quantum Hall bilayers. [14, 15] The rich phases and quantum phenomena make QAH multilayers a unique platform to study topological states of matter and their applications. CdSe is a II-IV semiconductor with bulk gap of ~1.74 eV. Its stablest phase has the wurtzite structure as shown in Figure 1a . [16] In the hexagonal (001) plane, the lattice constant is 4. 99.999%) with a commercial Knudsen cell. During the growth, the substrate is kept at 200 ℃-a temperature high enough to form a single-crystalline CdSe film but low enough to avoid the degrading of the QAH film. [9] The reflection high-energy electron diffraction (RHEED) patterns of a 6 quintuple The QAH multilayers provide a way to realize a magnetic Weyl semimetal with only one pair of Weyl points. A Weyl semimetal has energy bands including one or several pairs of Weyl points where there is neither bandgap nor density of states, and the spin texture nearby exhibits magnetic monopoles in momentum space. There are two kinds of Weyl semimetals: one with broken spatial inversion symmetry, and the other with broken time-reversal symmetry. [17] The former one has been found in several materials, all of which have many pairs of Weyl points and thus physical properties are difficult to understand. [18] [19] [20] [21] [22] So far， there is no convincing experiment demonstrating the latter case yet, in spite of many predictions. [23] [24] [25] The time-reversal-symmetry-broken, or magnetic, Weyl semimetal can be fabricated with a bottom-up approach: by growing a superlattice structure of magnetic topological insulator and normal insulator layers. [13] According to the theoretic phase diagram of such a superlattice structure, one can drive a QAH multilayer into magnetic Weyl semimetal phase by enhancing the hybridizations of the topological surface states of different layers when reducing the thicknesses of both the QAH and normal insulator layers. 
